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these authors have shown that application of hydro-Putting the Squeeze
static pressure from the apical side of cells cultured onon Mechanotransduction filters stimulates a variety of events including metallo-
proteinase-dependent growth factor secretion and col-
lagen secretion by nearby mesenchymal cells, events
that may model airway thickening in asthma (Swartz et
al., 2001). They now report that the space between theBoth mechanical and chemical stimuli guide tissue
cells narrows in response to pressure and suggest thatfunction. In a recent paper, Tschumperlin et al. pro-
if the growth factor HB-EGF is secreted at a constantposed that pressure acting on airway epithelium elicits
rate into this compartment, narrowing will result in in-mechanotransduction not by directly altering bio-
creased HB-EGF concentration. They show that EGFchemical signaling but by regulating extracellular fluid
receptors are activated, that blocking these receptorsvolume to modulate ligand-receptor interactions.
inhibits some of the responses to pressure, and that
these events can be accurately predicted by a simple
Asthma is generally considered an inflammatory dis- first-order diffusion model for this process.
ease, often triggered by allergy or infection. It involves What is the evidence that such a mechanism exists
progressive airway remodeling to thicken the bronchial in vivo? Acetylcholine stimulation of canine bronchiolar
wall and hyperresponsiveness of airways to contractile smooth muscle results in intraluminal pressures of 30
stimuli. Remodeling contributes to decreased airflow cm H2O (Gunst and Stropp, 1988), corresponding to av-
during constriction and possibly to smooth muscle hy- erage circumferential stresses of 45 cm H2O (Ressler
perresponsiveness. Asthma research and treatment et al., 2000). Tschumperlin et al. confirmed that maximal
have focused largely on mechanisms of inflammation. bronchoconstriction with methacholine in the mouse
However, based on the notion that airway constriction trachea significantly increased EGFR phosphorylation,
is an intrinsically mechanical event, some investigators implicating the bronchial epithelium as a mechano-
have begun to explore the idea that remodeling could chemical transducer of intraluminal pressure. The valid-
be a consequence of airway constriction. Their work
ity of a pressure-induced decrease in lateral intercellular
has used a variety of model systems to show that me-
space (LIS) volume is less clear, since the expected
chanical stimulation of airway epithelium can trigger
mechanical environment differs among adjacent epithe-
many of the events involved in airway thickening, includ-
lial cells in the constricted airway wall. Smooth muscleing cell proliferation and deposition of a collagenous
contraction causes the epithelium to buckle and fold soextracellular matrix. This group has now published evi-
that regions of epithelial cells might be compresseddence for a novel mechanism for mechanotransduction
against each other along their apical surfaces (Figurethat radically departs from current thinking in this area.
1). Cells at the tops of the folds (facing the airway lumen)The ability of cells to convert mechanical forces into
are not likely to experience similar pressure increases,biochemical regulatory information is crucial for normal
and the potential effects of this heterogeneity in forcephysiology and pathological processes in many tissues.
distribution at the cell length scale is not addressed. OnExamples include bone adaptation to exercise or micro-
the other hand, these cells may experience increasedgravity and the strong link between locations of athero-
circumferential tension on tight junctions and compres-genesis and regional hemodynamics. Force or strain
sion of their basolateral surfaces due to the high invertedcan activate mechanosensitive ion channels at the cell
radius of curvature underlying the fold. Further work willsurface, alter the conformation of extracellular matrix
be required to determine whether these circumferentialproteins, or alter the function of tension-sensitive com-
stresses narrow the LIS in these regions and whetherponents of the cytoskeleton (Davies, 1995). Forces may
these regions correlate with remodeling. Interestingly,also alter physical properties of membrane microdo-
in mammary epithelium where milk accumulation at themains such as lipid rafts or caveolae to control assembly
end of nursing induces local epithelial cell apoptosis,of signaling complexes (Ferraro et al., 2004). Thus, it is
hydrostatic pressure has been proposed to mediate thisgenerally thought that cells contain force-sensing ele-
effect (Marti et al., 1997). The mechanism proposed byments and are capable of integrating a complex array
Tschumperlin et al. could be involved.of environmental cues.
If autocrine signaling within the LIS is functionally rele-A recent paper (Tschumperlin et al., 2004) provides
vant, then paracellular movement of fluid is likely toevidence for a distinct model for mechanotransduction.
influence the process. Tissues such as intestine andTschumperlin and coauthors study cultured airway epi-
glandular epithelium have regulated fluid flow throughthelium using application of hydrostatic pressure as a
model for mechanotransduction. Previous studies from the LIS that should affect ligand concentrations within
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has been suggested to offset fluid shear stress-medi-
ated calcium influx in vascular endothelium, which de-
pends on ATP binding to P2X4 receptors (Yamamoto et
al., 2003). Mechanically stimulated calcium mobilization
also requires ATP in human airway submucosal gland
epithelium (Guyot and Hanrahan, 2003), which may be
important in the Tschumperlin model. These studies
point toward a new paradigm for mechanotransduction
in which a delicate balance among convective transport,
enzyme activity, and receptor and ion channel activation
requires an intact glycocalyx.
In summary, the novel mode of mechanotransduction
proposed by Tschumperlin et al. remains to be verified
in the lung in vivo. But gradients of hydrostatic pressure
generally give rise to fluid convection, which can influ-
ence signal transduction through altered transport of
bioactive molecules in many systems. The work from
Figure 1. Smooth Muscle Constriction of the Airway Wall Buckles Tschumperlin et al. increases the pressure to elucidate
the Epithelium and Creates a Complex Mechanical Profile
these mechanisms.
According to the model of Tschumperlin et al. (2004), pressure is
exerted on apical surfaces in regions within folds (blue arrows). Cells
in other regions are likely to experience different forces due to Brian P. Helmke1,3 and Martin A.
curvature of the epithelial layer. Tension (green arrows) acts on tight Schwartz1,2,3
junctions in cells facing the lumen, and compression (red arrows) 1Department of Biomedical Engineering
of the LIS near basal surfaces further supports the Tschumperlin 2 Department of Microbiology
model. However, at the bottom of the folds, apical tight junctions 3 Cardiovascular Research Centerare compressed, and tension near the basal aspects may serve to
University of Virginiaexpand LIS volume locally (yellow, exaggerated for clarity). Although
Charlottesville, Virginia 22908the basement membrane probably provides mechanical stability,
its role in remodeling and mechanotransduction remains unknown.
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are carried to microtubule plus ends by kinesin motorCLIP-170 Family Members:
proteins. These findings indicate a complex interplayA Motor-Driven Ride between microtubule-associated proteins and sug-
gest a novel mechanism by which kinesin proteinsto Microtubule Plus Ends
stabilize microtubules.
Microtubules form through the polymerization of tubulin,CLIP-170 family proteins regulate microtubule plus
end dynamics. Two reports published in this issue of a heterodimer of - and -tubulin. Due to the polar as-
sembly of tubulin, microtubules have two structurallyDevelopmental Cell show that Bik1 and tip1p, the
CLIP-170-like proteins of budding and fission yeast, distinct ends, of which the plus end is more dynamic
